Persistence of the cholangiocellular and hepatocellular lesions observed in rats fed a choline-deficient/DL-ethionine-supplemented diet.
Male outbred Sprague-Dawley rats were fed a choline-deficient diet containing 0.10% DL-ethionine (CDE) for 4, 6, 10, 14 or 22 weeks followed by a standard diet for up to 59 weeks. Liver sections were histochemically analyzed for the following parameters: basophilia, glycogen content and the activities of glycogen synthase (SYN), glycogen phosphorylase (PHO), glucose-6-phosphatase (G6PASE), glucose-6-phosphate dehydrogenase (G6PDH), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), glycerin-3-phosphate dehydrogenase (G3PDH), 'malic enzyme' (MDH), alkaline phosphatase (ALKPASE) and gamma-glutamyltranspeptidase (GGT). The stop experiments revealed that many of the oval cells proliferating during the first 4-6 weeks may undergo necrotic changes and disappear with time, whereas cholangiofibroses appearing in animals fed CDE for at least 10 weeks are persistent lesions. The sequence of lesions seen in this study, leading from persistent oval cells through cholangiofibroses to cholangiofibromas, strongly suggests that the oval cells are the precursor cells of cholangiocellular tumors. The proliferating oval cells and the hepatic foci consisting of clear and acidophilic or mixed cell populations were always spatially separated and no transitions between oval and parenchymal cells were observed. These results argue against a precursor-product relationship between oval and parenchymal cells. Both proliferating and persistent oval cells, cholangiofibroses and cholangiofibromas showed a strong staining for G6PDH, GAPDH, G3PDH, MDH, ALKPASE and GGT; low PHO, SYN and G6PASE activities were also detected in these lesions. Persistent glycogen-storage foci, which developed in all rats fed CDE for 4-14 weeks followed by a normal lab chow for over a year, had increased PHO, G6PDH, MDH, ALKPASE and GGT activities, while SYN, GAPDH and G3PDH activities remained unaltered and G6PASE activity decreased. Mixed cell foci appearing in animals fed CDE for 22 weeks followed by a normal lab chow for 59 weeks had strongly increased G6PDH, GAPDH, G3PDH, MDH, ALKPASE and GGT activities as well as decreased G6PASE activity. These results indicate that the characteristic metabolic pattern of preneoplastic hepatic foci is independent of the further administration of the carcinogenic diet. The shift from glycogen metabolism to glycolysis and the pentose phosphate pathway occurring during the later stages of CDE-induced hepatocarcinogenesis is an autogenous process apparently directing the disturbed carbohydrate metabolism towards alternative metabolic pathways. A similar metabolic shift also seems to take place during cholangiocarcinogenesis.